Objective: To evaluate the credibility of estimates of energy intake from a Diet History (DH) by cut off limits for the multiple of energy intake and basal metabolic rate (EI/BMR est ) and by physical activity levels (PAL, total energy expenditure TEE/BMR). Design: Cohort study. Setting: Departments of Geriatric Medicine and Clinical Nutrition, Göteborg University, Gothenburg, Sweden. Subjects: 369 males and 440 females from three representative cohorts of free-living individuals from the gerontological and geriatric population studies-H70. Results: Mean values for EI/BMR est was 1.50 and 1.60 in males and 1.48 and 1.49 in females according to Schofield, Schofield and James (1985) and DHSS 41 (1991), respectively. A significant trend was seen when the sample was stratified at different levels of EI/BMR est with higher body weight, lower EI, higher proportion of energy from protein and lower of proportion energy from fat in the group with the lower values of EI/BMR est . A significant difference was shown regarding food choice expressed as proportion of energy from ten defined food groups with respect to different EI/BMR est values. Lean body mass (LBM) by bioelectric impedance (BIA) correlated well with BMR according to DHSS 41 (1991), 0.90 for males and 0.87 for females. Conclusion: Energy intake was underreported with the DH method-especially in over-weight individuals. Reported food choice varied with EI/BMR values. EI/BMR est limits are useful for detecting underestimation of habitual energy intake.
Introduction
There is need for validation in dietary studies. Underreporting is a serious and commonly reported problem Black et al, 1993; Schoeller, 1990; Pannemans and Westerterp, 1993; Black et al, 1996) . A validity control implies that a comparison is made with another method judged to be superior (Willett, 1990a) , or with other errors involved. The most commonly used approach to validate the Diet History method (DH) is the use of the Food Record method (FR) (Willett et al, 1985; Pietinen et al, 1988; Potosky, Block and Hartman, 1990; Burema and van Staveren, 1991) , which by some authors is assumed to be more accurate and precise (Bingham et al, 1989a) . However, the method is time consuming and interpretation of such a validation is complicated since it is difficult to know which of the methods, if either, gives valid results. Secondly, validation could be made by a biochemical indicator which measurement errors are essentially uncorrelated with errors in dietary methods (Bingham and Cummings, 1985; Mahalko et al, 1985; van Staveren, Boer and Burema, 1985; Willett, 1990b; Burema and van Staveren, 1991) . One biomarker is 24 h urinary nitrogen excretion (Isaksson, 1980; Bingham and Cummings, 1985) , considered one of the best biomarkers to validate a dietary intake method.
However, the method is demanding for the participants, and compliance must be high to obtain valid results.
Another way to validate dietary habits by means of external independent markers is to estimate total energy expenditure (TEE). For this purpose there are different methods available whereof the doubly-labelled water (DLW) technique (Lifson, Gordon and McClintock, 1955; Schoeller and van Santen, 1982 ) is regarded as the most accurate but, however, also the most expensive (Goldberg et al, 1991; Prentice et al, 1986) . A fourth method which is easy to use is the ratio between reported energy intake (EI) and estimates of basal metabolic rate (BMR est ) (Goldberg et al, 1991; Black et al, 1991) which could be compared with estimates of physical activity levels (PAL) Shetty et al, 1996) .
The main objective of the present study was to evaluate the credibility of estimates of energy intake from a Diet History (DH) used in 70 year olds from the gerontological and geriatric population studies in Gothenburg-the H70 study (Rinder et al, 1975; Steen and Djurfeldt, 1993 ) and the population study of women in Gothenburg (Bengtsson et al, 1973 (Bengtsson et al, , 1989 by EI/BMR cut off limits and PAL values. Furthermore, to study if differences in reported energy intake could be explained by differences in reported food choice.
Population
Representative subsamples of free-living elderly from the gerontological and geriatric population studies in Gothen- ß   1  9  9  7  S  t  o  c  k  t  o  n  P  r  e  s  s  A  l  l  r  i  g  h  t  s  r  e  s  e  r  v  e  d  0  9  5  4  ±  3  0  0  7  /  9  7  $  1  2  .  0  0 burg (H70) were studied-in the present context regarded as one sample. Energy intakes of 70 year olds in 1971/72 (Steen, 1977; Rothenberg, Bosaeus and Steen in press) 1981/83 and 1993 (Rothenberg, Bosaeus and Steen in press ) have been reported separately. The three cohorts were found to have good food habits with adequate energy and nutrient intakes. A significant trend with highest nutrient density in the 1993 cohort was found. Food choice was found to change between the cohorts with an increasing trend for vegetables, rice, pasta, low fat milk and low fat spread with highest intake in grams per day in the 1993 cohort and a decreasing trend for potatoes, high fat milk and high fat spread with lowest intake in the 1993 cohort for as well males as females. 1971 cohort-179 males and 181 females were investigated in 1971/72 (Rinder et al, 1975; Steen, 1977) .
1981 cohort-132 males and 129 females were investigated in 1981/83 (Eriksson, Mellström and Svanborg, 1987) .
1993 cohort-58 males and 130 females were investigated in 1993 (Rothenberg, Bosaeus and Steen 1996 Bengtsson et al, 1973 .
Methods

Dietary intake
The dietary assessment method used was a DH (Steen, 1977; Rothenberg, Bosaeus and Steen in press ). Intakes of energy and nutrients were calculated using computer software based on the National Food Administration's computer software PC-kost (1992) . To be able to compare food intake in the three different cohorts, during a 20 year time span, a comprehensive standardisation has been undertaken (Rothenberg, Bosaeus and Steen, in press ). To study if differences existed in food choice between EI/BMR and BMI groups, respectively, food intake was categorized into ten groups with reference to energy per cent.
Prediction of basal metabolic rate
When information on weight is available, it is possible to predict BMR from standard equations. In the present study basal metabolic rate was predicted BMR est from body weight according to equations proposed by Department of Health, Report on Health and Social Subjects 41, 1991 (DHSS 41) for the age group 60-74 y. The original equations based on the formulae published by Schofield, Schofield and James (1985) and adopted in the 1985 FAO/ WHO/UNU report for the age group 60 y were used for comparison. However, these equations incorporate only 50 males and 38 females over 60 y and include data on groups in the tropics or in unusual circumstances (DHSS 41). 
Body composition
Body composition was estimated in 38 males and 106 females in the 1993 cohort with a bioelectric impedance (BIA) technique (Lukaski et al, 1985; Steen, 1988 ). This method is based on the principle of differences in the ability to conduct electricity in the water and fat compartments of the body. BIA was measured in supine position. BIA-101 equipment (RJL System, Inc., Detroit, MI) was used according to the manufacturer's instructions. Body fat was calculated using equations supplied by the manufacturer based on comparison with densitometry in a normal population and denoted BF imp .
Derivation of cut-off limits and PAL values
EI (kcal) was expressed as a multiple of BMR (kcal). The 'cut-off 2' derived by Goldberg et al (1991) assuming BMR predicted from Schofield and James equations with 95% confidence limits was used. The cut-off limits are based on sample size and days recorded. For the present DH method, the cut-off limit corresponding to 28 d of recording was used which is equal to 1.52. According to the FAO/WHO/UNU (1985) EI/BMR est recommendations for heavy work is 1.82 for females and 2.10 for males. The PAL value of 1.20 based on DLW studies is equal to chairbound or bed-bound life style Shetty et al, 1996) . Garrow (1981) .
Classification of body mass index
Statistics
Means, standard deviations, and Pearson correlation coefficients are reported. Tests for trend and group differences, were performed with an asymptotic Pitman test (Cox and Hinkley, 1974) . A generalization based on Pitman test variables when testing conditional correlation between two variables was used when the values of other variables were kept constant. The technique is similar to that suggested by Mantel (Mantel, 1963) and is referred to as a test with adjustment for background variables. Data were analysed on personal computers using the statistical program SPSS for Windows 6.0, Statview for Macintosh 4.1 and in house programming for the permutation test. To control the over all significance level the reported significance values were calculated by multiplying 10 ( the number of separate tests) to the separate P-values.
Results
In males 22% were below the EI/BMR value of 1.20 and 8% were above 2.10. In females 28% were below 1.20 and 18% were above 1.82. There was a negative correlation between EI/BMR est and BMI (70.39, P < 0.0001) in males and (70.40, P < 0.0001) in females. To study if there were differences in the population regarding weight, BMI and energy and nutrient intake, with respect to different levels of EI/BMR est males and females were stratified on cut-off limits as described above and are presented in Table 1 . To study differences with respect to BMI the population was in the same way stratified at different levels of BMI (Table 2) . Food choice expressed as proportion of total energy intake in subgroups according to different cut-off limits values are shown in Table 3 . When stratify on BMI significant trend was only seen for fruit, juice and vegetables (3.5, 4.9, 6.0) (P < 0.05) and for meat and fish (13.1, 13.3, 16.3) (P < 0.01) in males. Mean and standard deviation for EI/ BMR est stratified on BMI levels in Figures 1 and 2 . The Proportion individuals below 'cut-off 2' derived by Goldberg et al (1991) equal to 1.52 EI/BMR est for males was 56% and for females 57%. 
t a l
Mean values for BMR predicted by DHSS 41 (1991) and by Schofield, Schofield and James (1985) , respectively, was 1635 and 1544 kcal in males and 1321 and 1316 kcal in females. Correlation was in males 
Discussion
The population in the present study includes three cohorts of 70 year old free-living individuals studied during a period of 22 y. They were all free-living and generally healthy and mobile.
Design and quality of the dietary assessment instrument
The DH is assumed to mirror habitual intake and therefore the errors from day-to-day variation is excluded. The method is regarded to give higher EI estimate than does the FR method (Morgan et al, 1978; Jain et al, 1980; Hankin et al, 1991; Callmer et al, 1993; Rothenberg, 1994) . However, it has been concluded that the method is not immune to bias from underestimation (Black et al, 1991) . The same DH method has been used in all three cohorts in the present study and the interviewing dietitians have trained together. Further, extensive work have been carried through to standardise portion sizes and nutrient databases (Rothenberg, Bosaeus and Steen 1996) but design and extent of the DH influence the results (Kuskowska-Wolk et al, 1992) and can have profound effects on validity. Block and Hartman (1989) have pointed out that age appears to have little adverse affect on the validity of questionnaires, at least when administered by interview, which is in concordance with the impression in this study. Different authors have found a good correlation to reference data among older respondents (Cummings et al, 1987; Sobell et al. 1989; Brown, Fisher and Johnson, 1993) , and better response rates among elderly than younger subjects have also been found (Jørgensen et al, 1993) . A tendency to over reporting of 'desirable' food items such as fruit, bread and potatoes has been reported (Pietinen et al, 1988; Nes et al, 1992) . In the study by Haraldsdottir and Andersen (1994) the group of females with the lowest cut-off value 1.10 showed the most favourable food choice with for instance a lower proportion of energy from sugar compared to the > 1.35 group. In the study by Nydahl et al (1996) dietary composition differed between individuals with a EI/BMR est < 1.27 from individuals with a EI/BMR est > 1.27 with lower proportion fat in the previous group. Klesges et al (1995) showed that about 31% of the adults in the Second National Health and Nutrition Examination Survey (NHANES II) underreported dietary intake. Those individuals at greatest risk of underreporting were less educated and heavier. Fricker et al (1992) showed psychometric differences between obese small and large eaters in a nutritional dissimulation test with higher score for small eaters. In the present study there were obvious differences in nutrient intake profile according to cut-off and BMI categories. Sugar and sweets was the food group with the over all strongest impact on the differences.
Respondent characteristics
Quality of reference data
The quality of reference data has a major and insufficiently recognized effect on the 'apparent' validity of a diet measurement method. In this context reference data refer to the BMR values. The reliability of the BMR prediction could be questioned (Schofield, Schofield and James, 1985; DHSS 41, 1991) . However, the shown correlation between BMR and LBM estimated by BIA was good, r 0.90 for males and r 0.87 for females indicating that DHSS 41 (1991) are valid for BMR estimates. We therefore believe the equations to be adequate in age groups as in the present populations. A high correlation but also a significant difference was seen between the two different methods (Schofield, Schofield and James, 1985; DHSS 41, 1991) with higher BMR estimates predicted for the DHSS 41 (1991) Reilly et al (1993 Reilly et al ( , 1995 found good agreement between predicted BMR according to DHSS 41 (1991) and BMR values measured by ventilated hood indirect calorimetry.
Comparison between EI/BMR and PAL cut-off values
Mean values for EI/BMR est in the present study was 1.50 for males and 1.48 for females which is slightly below energy requirements for a sedentary lifestyle-1.55 in males and 1.56 in females-given by (FAO/WHO/UNU) (1985) . According to the PAL values suggested by and Shetty et al (1996) 22% of the males and 28% of the females was below the PAL value 1.2 indicating the lower limit of a non-ambulant life style. As the population were all free-living quite healthy 70 year old individuals EI/BMR values < 1.2 is regarded as unlikely and mean EI/ BMR seem too low indicating an underestimation of true intake. PAL values of 1.82 and 2.10 are estimates of mean requirements for adults of working age in heavy occupations and are not regarded as relevant to elderly groups. In the present population 8% of the males and 18% of the females exceed these values. Even though many of the elderly lived an active life there are also doubts about the proportion having these high PALs. According to very few of the over 60s were above these values.
In a study by Panneman and Westerterp (1995) the ratio between TEE and BMR was 1.52 (range 1.27-2.05) for males (mean age 71.3 y) and 1.66 (range 1.34-2.00) for females (mean age 67.6 y). Reilly et al (1995) found a mean TEE/BMR 1.3 in female longstay patients with a mean age of 85 y and of 1.8 in a group of healthy elderly women with a mean age of 73 y. Prentice et al (1986) found that obese females (mean age 35 y) had significant higher TEE than lean females 2445 kcal and 1911 kcal, respectively (mean age 29 y) and that the obese females underestimated their EI by 34%. The lean females reported adequate EI. found the same difference in TEE, estimated by DLW technique, between obese and lean females, 3390 kcal and 1935 kcal, respectively. In their study both obese and lean females underestimated EI by 41.3% and 19.4%, respectively, compared to TEE. Goran et al (1992) have studied TEE by DLW in elderly (mean age 67 y) and found that TEE varies greatly. Mean value for males was 2675kcal and for females 2092 kcal. EI was underestimated by 12% in males and 31% in females. Underreporting was independent of BMI. Lilienthal and Lissner (1995) found that the degree of obesity was positively associated with underreporting of total energy and protein intake. Negative relation between TEE/BMR and body fat mass has been found (Roberts et al, 1992; Schulz and Schoeller, 1994) .
Underreporting related to BMI
In the present study underestimation of EI was more pronounced in obese individuals whether expressed as EI/ BMR or EI per kg BW. That obese individual are overrepresented in the group with low values of EI/BMR est could have several explanations. The fact that they are heavier gives of course higher predicted values for BMR and leads to lower ratio of EI/BMR est compared to normal
weighted individuals at the same energy intake which in turn, during conditions of weight stability, presumes lower level of physical activity among the obese. The reason why lean individuals are more represented in the high EI/ BMR est group could in the same way be explained by higher physical activity which in turn makes them stay lean and able to eat more. However, also other differences between lean and obese individuals exist regarding nutrient and food intake indicating differences in reporting between these groups of individuals.
Conclusion
In conclusion, EI/BMR est limits are useful for detecting obvious underestimation of habitual energy intake. The EI/ BMR ratio seems to be an easy and satisfactory evaluator of EI. When individuals were classified according to EI/BMR and BMI a picture of systematical errors in reported energy intake emerged. Further, the distribution of energy between different food groups could give information differences in food choice between groups. We conclude that underreporting of usual energy intake exist in the present DH method and is more prevalent among overweight than normal weight individuals. Further, reported food choice differed with respect to EI/BMR values especially regarding sugar and sweet intake. This kind of systematical errors in reported food intake is of importance for the interpretation of dietary data and raises the question: should people with unrealistic low or high EI/BMR values in dietary surveys be excluded from data analysis. 
